Catabolite inactivation of biodegradative threonine dehydratase of Escherichia coli.
Incubation of Escherichia coli cells with glucose, pyruvate, and certain other metabolites led to rapid inactivation of inducible biodegradative threonine dehydratase. Analysis with several mutant strains showed that pyruvate, and not a metabolite derived from pyruvate, was capable of inactivating enzyme, and that glucose acted indirectly after being converted to pyruvate. Some other alpha-keto acids such as oxaloacetate and alpha-ketobutyrate (but not alpha-ketoglutarate) were also effective. Inactivation of threonine dehydratase by pyruvate was also observed with purified enzyme preparations. The rates of enzyme inactivation increased with increased concentrations of pyruvate and decreased with increased levels of AMP. Increasing protein concentrations lowered the rates of enzyme inactivation. Dithiothreitol had a large effect on the maximum extent of inactivation of the enzyme by pyruvate; high concentrations of AMP and DTT almost completely counteracted the effect of pyruvate. Gel filtration data showed that pyruvate influenced the oligomeric state of the enzyme by altering the association-dissociation equilibrium in favor of dissociation; the Stokes' radius of the pyruvate-inactivated enzyme was 32 A as compared to 42 A for the untreated enzyme. Reassociation of the dissociated form of the enzyme was achieved by removal of excess free pyruvate by dialysis against buffer supplemented with AMP and DTT. Incubation of threonine dehydratase with [14-C]pyruvate revealed apparent covalent attachment of pyruvate to the enzyme. Strong protein denaturants such as guanidine, urea, and sodium dodecyl sulfate failed to release bound radioactive pyruvate; the molar ratio of firmly bound pyruvate was approximately 1 mol/150,000 g of protein. Pretreatment of the enzyme with p-chloromercuribenzoate and 5,5'-dithiobis(2-nitrobenzoate) (Nbs2) did not reduce the binding of [14-C]pyruvate suggesting no active site SH was involved in the pyruvate-enzyme linkage. Titration of active and pyruvate-inactivated enzyme with Nbs2 indicated that the loss in enzyme activity was not due to oxidation of essential sulfhydryl groups on the enzyme. Based on these data we propose that the mechanism of enzyme inactivation by pyruvate involves covalent attachment of pyruvate to the active oligomeric form of the enzyme followed by dissociation of the oligomer to yield inactive enzyme.